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me APPROXIMATE NORMAL TEMPERATURE AS A FUNCTION OF THE LATITUDE, ELEVATION, TIME OF DAY, AND DAY 
OF THE YEAR. 

BYFRANK L. WEST, Ph. D., Physicist. 5s/. sa9 : ss/*.50/ . 

[Utah Agricultural Experimc1:t Station, Logm, Ctnh. Dee. !TI, l920.] 

SYNOPSIS. 

In an earlier conkibution, it waa shown that the folloaing empirical 
equation gives t.he normal temperature at any hour of any day with an 
average error of 2.75' P.: 

R T' t=ai+., Y C o P r l ~ i  cOBh+r cos d COB h . . . 11) 

in which Y is the average annual temperature, R the annual range or 
the difference between ths m a n  of the dsv with the highest normal 
temperature and that with lowest, r the daily range, Y the di!?erence 
hetween the daily ran es at the coldest and warmest times of year, 
d the time of year, s n f h  the time of day. Beginning at the t.ime of 
msxmum tempErat.ure, d and h are expressed in degrees 0 to 360, and 
with ZSO at the tlme of minlmum tempexhlre even though this makes 
each degree of h h n i  180 to 360 represent shorter intervals of t.imc than 

Jn this new paper it is shown that the constanh i n  t,he above eq iia- 
tion can he expressed fairlv accuralely by t,he following equations 
which apply to the Cnitecl states east of the 100th meridian: 

does each from o to isn. 

Y=110-1.42-O.002 23 . . . (2) 

where Y is the mean annual temperat.ure, 2 the latitude, and R the 
elevation (exprwed in feet) above sea level; 

R=- 24+1.81 

where R stands for the annual range in temperature and 1 for the I3.t.i- 
tude. The daily range r is sensibly constant and has a value of 1 8 O  F., 
and Vis zero. 

. . . (3) 

Eqimtion (1) with these subst.itutions reduces to 

t=110-1.41-0.002 R.C(O.9Z-12) COS d+9 COB li . . . ( 4 j  

For the arid West the following equation applies very approxi- 
mately: 

af=i!n--! .ni-0.0033 E . . . i.5) 

The other valum are sensibly conmtmt all over thk area and h w e  the 
folloffing values: One-half the annual range iR 3Ro, one-half t.hc mean 
daily range is 1l0, and one-fourth the variation in the daily range 3'. 

Equation (21 becomes on sulJstitution of these values for the arid 
West. of the United Stat.es: 

1-121-1.41-0.0035 E+23 COY d+l l  COB h+S CM (I COR h . (6 )  

The mean error in the me of &nations (21. (31, and ( 6 )  for places all 
over the United States except t.he humid Pacific coast RIR i ~ 1 . 1 ~  F., 
and in the use of equations (4') and.(6) giving the normal temperature 
as a function 01 the latitude, elevation, and t.imh f3' F. 

In an earlier contribution,' the normal temperature at  
any hour of the day was expressed as. a function of the 
annual mean, the annual range, the daily range, the time 
of year, and the time of day. It is the purposo of this 
paper to consider this relationship further, introducing 
the additional considerations of latitude and elevation. 
Only two of the three sections into which the United 
States was divided will be considered here, namely, the 
region east of the 100th meridian, and the region between 
the Rocky Mountains and the Sierra Navada-Cascade 
Mountains. To facilitate consideration of the new fac- 
tors enumerated above, p.laces of nearly the same lati- 
tude were selected in considerin the effect of elevations, 

nearly, but not quite satisfied, a slight correction was 
introduced to bring the data to a comnion latitude or ele- 
vation, respectively. 

and, in considerin latitude, paces B 
elevation were se B ected. Where these conditions were 

of nearly the same 

~ 

1 West Frank L. A Simple E uatioii of General A plication for the Normal Tem- 
p u r e ' i n  Terms of the Time of 8ay and the Dav of $e Year. Mo. WEIT~EB REV., 
uly, lOa0,Q: SW-396. CI. alrro Science, Dec. 21,1620, p. 611. 

Mean nnnwZ temperature and elevation above 8eu 1eveZ.- 
Figure 1 represents the elevation above sea level and the 
mean annual temperature of about 100' cities distributed 
over the eastern part of the United States, these values 
having been reduced to the same latitude. The arid 
West is shown by the dotted line. A range from sea 
level to 2,000 feet was selected in the first case and from 
3,000 to 6,000 feet above sea level in the secpnd because 
most of the territory of these divisions has these respec- 
tive ranges of elevation. The temperature gradient is 
not constant, the value for the low section being 0.002 
and for the highwestern section 0.0033 (500 and 300 foot 
rise to 1' F. colder); and yet over the range of each 
separate land division the gradient is sufficient1 con- 

Te.mperatrrre and Zatitu.da.-Figure 2 shows the manner 
in which the mean annual temperature M changes with 
the latitude Z over the East.2 All temperatures were re- 
duced to trhe ec uivalent sea-level values. The arid West 

For both sections it is 
clearly seen that the temperature decreases rather regu- 
larly as the latitude increases, the change being 1.4' F. 
for each degree of latitude, the gradient being the same 
for both sections. 

Tem eratrire, latihide, and elevation.-The equation 
which H ts the above data for the eastern division is: 

stant for all practical urposes, as shown from t % e fact 
that the straight line R ts the data so well. 

is shown by t h e dotted line. 

N= 110- 1.42-0.008 E 

where M re resents the mean annual tem erature, Z the 

ec uation checked against actual values for 26 cities 

50.9' F. 

. . . (2) 

latitude, anc P E the elevation above sea leve Y in feet. This 

se \ ected at  random over 23 States showed a departure of 

over a1 1' the arid States of the Great Basin gave a depar- 

That for the arid nTest is: 

N= 121 - 1.41-0.0033 E . . . (5)  

This ec uation checked against cities widQy separated 

ture of 5 1.3' F. 
R a q e  qf t h  annual murch..-Figure 5 shows the manner 

in which the difference in temperature between summer 
and winter, or the annual range in temperature, varies 
with t,he latit,ucle for the easteim part of the United States. 
In general, t,he range is least for oceanic sections and most 
for continental areas, but probahly because of the pre- 
vailing westerly winds the Atlantic Ocean has slight 
efiect on the coast cities, the ran e being nearly the same 

The Gulf of Mexico seenis to have a marked effect on the 
annual variation. It has a minimum value on the shores 
of the Gulf and increases very regularly by 1.8' F. for 
each degree of latitude north. The equation representing 
this relationship for the eastern division is: 

there as for cities of the same 5 atitude in the interior. 

R= -244-1.81 . . . (3) 

where R stands for the annual variation or range and Z for 
the latitude. Results from equation (3) compared with 

I The reater the annual rainfall the smaller the mean annual tempemtare the cor- 
rection king approrimately 0.02' F. for each inch of rain. The a m  considered has 
a rainfallrarying from 35 to 50 inches, and this rarlation of 15 iaches would only amount 
to1898 th*n to F.; b e e ,  t l ~  rainfallterm was not wed in the Bnalequatlon. 
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actual values of 26 cities re resenting 23 States showed a 
mean departure of f0.9' 8 

I n  the arid West, which is shut in by the Rocky and 
Sierra Nevada Mountains. the average annual range for 
25 c.ities scattered over the southern half of the division 
differed from the average of a like number for the northern 
half of the same area by only )' F., showing that the range 
is not simply a function of the latitude for this trrrit.ory. 
The mean annual range for the entire district. w-as -16' F. 
One-half of this value, or 23, is used in equation ( G ) .  The 
mean departure from this value of 23' by the diflercnt 
cities is i.0' F. 

Dailv range in tcmperafure.-The. difference betwesn the. 
6 a. m: and 3 p. m: tem eratures (mnsinium and mini- 

sion and for all seasons of the year and has a value of 
approximately 18' F. One-halt of t.his value, or go, is 

mum) is nearly constant, P or all points of t,he rnstern tliri- 

Fro. L-Graphs showing the chanees in the meail annual temperature iiii degrees 
Fahmnheit) with latitude. in the emtern and mid West pnriions f 1 I or the 1:nitrd 
States. Graphshowing how the aumml ranpe in te:nperatiire fin de :rem Fahrenhrit) 
changes with thc latitude for the United States east of lhe Rwky Nountaiies. 

used in the formula, and the departure from this mean of 
the different cities was 1.4' F. 

For the and West the mean daily range, )I, for all tho 
days of the year is 23', and the difference, T7, between 
this value for a day in summer and for n day in winter 
is 12'. One-half and one-fourth of these values, 11 and 
3, respective1 , are used in equation (.GI and the values 

values. 
The coefficient of the last tern1 of equation (4) for the 

eastern division and the last three coefficients of e ua- 
tion (6) for the entire western or aricl region were ta R en 
as constants. The actual variations in these values for 
different cities are usually no more than 1' F. I t  should 
be borne in mind that these constants simply specify the 
hei h t  of the crests of the curves above the mean. They 

i f  the value for a particular city were to ..epart as much 

for individua ? cities do not differ appreciably from these 

i are 5 alf the annual range and half the dail range. Even 
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as 2' F. from these, yet the actual curve of normalsfor 
the city when su er osed on the curve of means for the 

trough 1' F. below that for the e uations, and the curves 

way up the curve until ver nearly to the crest. There, 

variations, therefore, in these constants make less differ- 
ence in the final result than would at  h t  appear and, 
besides, t,he variations in the constants themselves are 
sniall . 

Wlien these values for M, R, T ,  and V are substituted 
in the general equa.tion given in the earlier paper, viz, 

R T V t =  cos d+-cos h+-- cos d cos h . 2 4 

area would simp P R  y ave its crest 1 O . F .  above and its 

would coincide at the mean an 8 very nearly so all the 

of course, the error would % e the full 1' F. The sma.11 

t,he approxima.te normal hourly temperature for a city in 
the eastern United States or for one in €he arid West can 

TEMPERmRE ('E) 
FIG. ?.--Graph shoving thz changes io the mean annual temperature with elevation 

in the United States. 

be computed from the latitude and altitude of the place, 
the ecptions becoming ' 
1-110 - 1.41 - 0.002 E + (0.9Z-12) COS d + 9  COS h 

(East) * - (4) 
t = 13 1 - 1 AZ - 0.0033 E + 23 cos d + 1 1 cos h + 3 cos a cos h 

(arid West) . . . (6) 
These final equations (4) and (6) are interesting, inas- 

much as they ap ly to such a large area of country, and 

t.hey fit the facts? The mean difference between the 
actual normal hourly tem eratures and those obtained 

(3), and (5) it was 1.1' F., and with the use of equations 
(4) and (6) it  was 33O F. Actual temperatures differ 
from the normals, and equations (4) a.nd !6) will give .the 
actual ten1 erature experienced at a particular hour on a 
particular Zay usual1 within 5' F. 

Equations (4) a n J  (6) hare practical value in such 
cases as the determination of early morning temperatures 
where heating to protect crops from frost is practiced, in 
ca.lcula ting hourly values where thermogra h records have 

crete in deterniining the normal time in the sprin and 
fall when freezing temperatures are experienced furing 
working hours. - 

they are thus rat R er general. However, their test is: Do 

by equation (1)  was 2.75 ? F. In using equations (2), 

not been taken, and for engineers engage f in laying con- 


